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ABSTRACT

The facilitiles planned in reference (a) for the
Static Test Site at AMR for acceptance firing
the LEM propulsion subsystem are adequate, with
the exceptlion of the Static Test Site control
building; which is marginally adequate for
housing the control equipment. The equipment
required for the checkout operation at this site
is included in this report, with layouts of the
equipment in the planned buildings for the site.
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ABSTRACT

The facilities planned for the Static Test Site

at AMR for acceptance firing the LEM propulsion
subsystem are adequate, with the exception of the
Static Test Site Control Building; which is marginally
adequate for housing the control equipment. The
equipment required for the checkout operstion at this
slte is included in this report, with layoute of the
equipment in the planned builldings for the site.
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Static firing of the LEM engines utilizing each complete LEM
will be performed as part of the prelaunch acceptance tests
at AMR to insure proper operation of the LEM system and the
propulsion subsystem. LEM requirements for the Static Test
Site to perform these tests have been summarized and are
presented herein. The technical criteria for the reguired
altitude simulation system and engine parameters for the
ascent and descent engines are presented in Appendix 'A’.
Engine parameters and data which affect the design of a
separate exhauster or collector system for the reaction
control subsystem are presented in Appendix 'B', in the
event that the RCS engines are acceptance fired at the
Static Test Site.

It appears most desirable that the equipment, facllities,
and methods developed for use at WSMR in the development
progrem be duplicated where possible and used at AMR for the
acceptance tests of the propulsion and reaction control
subsystems. This 1s the philosophy which has been used

in determining the facilities and equipment required at

the Static Firing Site at AMR.

DISCUSSION

General: The requirements for the LEM at the Static Test
Site at AMR are comprised of the equipment required to
perform the acceptance tests of the propulsion subsystem,

the services required for the equipment and tests, and the
facilities required at the site for performance of the tests.
The acceptance tests currently planned to be conducted at the
ILEM Statlic Test Site include tests on the ascent and descent
engines with all subsystems operating which are in the ascent
or descent engine firing loop. For example, the N & G and

S & C subsystems will be operating during the descent engine
firing since signals from these subsystems control the thrust
and gimballing of the descent engine. The reaction control
subsystem may be acceptance tested at the Static Firing Site.
The need for hot firing tests of the RCS at the Static Firing
Site has not been completely defined at this time. The
possibility does exist, however, that the RCS flight nozzles
cannot be adequately acceptance fired at sea level. There is
also the possibility of a conflict in scheduling the use of the
hypergolics building between the currently planned space
programs at AMR. For these reasons, this report makes provi-
sions for firing the RCS at the Static Test Site.’ The
equipment required for the RCS has been included in the equip-
ment lists and on the layouts.

There is a potential need for a collector system or a separate
exhauster system for each RCS quad 1f the RCS is fired in the
altitude chamber of the Static Test Site. One of these systems

serost  LED-2-L'B!
DATE 1/15/64

GRUMMAN AIRCRAFT ENGINEERING CORPORATION



21592 ?poD

vez-3um

PAGE D

2.0

2.1

2.2 B

DISCUSSION

General. - continued

would be required to prevent the corrosive unburned gases
from damaging the ascent stage of the LEM vehicle during
firing. An exhauster system would be required if the RCS
was fired at altitude. Firing the RCS at sea level would
not require an exhauster system, but would require a
collecter system for the unburned corrosive gases.

The site plan presented in reference (a) has been reviewed
to compare the facilities planned with those required for
the planned mcceptance tests. The facilities describved in
reference (a) are sufficient for the tests planned at the
Static Tegt Site. A conceptual layout of the site appears
on figureZ.2, with the servicing equipment located in the
vicinity of the altitude chamber.

Equipment Required at the Static Firing Site

Fluid Systems GSE

The fluid system equipment listed in table 3.} is required
for servicing the propulsion and reaction control subsystems,
and for checkout prior to actual engine firing. This equip-
ment will be located dn the pad adjacent to the altitude
chamber as shown on figure 4.2.

Handling end Transportation GSE

The equipment listed in teble3-2 . is required for transporting
and handling the ascent stage, descent stage, and mated LEM
at the Static Test Site. A crane or gantry with a 10-ton
capacity will be required for handling the mated LEM vehicle.

Within the altitude chamber there need be only two positions
for supporting the LEM; these are: (1) Support of the mated
ascent and descent stages for descent engine firing;

(2) support of the ascent stege alone for ascent engine
and/or reaction control subsystem operation. A smaller

crane with a 3 ton capacity will be required for instailing
and removing equipment and the LEM support mounts. This
crane must have access to the lnner periphery of the altitude
chamber.

Electrical GSE

The equipment listed in table 3.3 will be required for the
control of the engine firing. Most of this equipment is
similar to that required at WSMR for controlling engine
firing during propulsion development tests. The LEM's at
AMR, however, will contain complete subsystems which will
not be used in the early development tests at WSMR. The

geron1  LED-2-4'B!?
DATE 1/15/64

GRUMMAN AIRCRAFT ENGINEERING CORPORATION




21592 2pPoD

vez -Sug

2.0

2.2

2.3

DISCUSSTON

Equipment Required at the Static Firing Site

FElectrical GSE ~ continued

GSE listed in table 3.3 has been laid out in the control
room of the Static Test Site (figure 4.4 ) and will
operate by utilizing as much as possible,the actual

LEM engine controls and related subsystems.

The facility control equipment (TV control station,
altitude simulation control station, etc.) has also been
laid out in the area allothted for the LEM control room
(FPigure 4.4 ). Tt should be noted that the area has
been completely utilized and does not provide for any
growth of planned equipment. An additional 300 square
feet is desirable to allow for additional equipment or
possible growth of currently planned equipment.

PACE downlink will be used for data acquisition. A
certain numbey of critical perameters will, however, be
haerdlined to the control bullding for monitoring during
firing. The instrumentation readout equipment for this
purpose has been laid out in Figure #.4. The PACE
carry-on equipment will be located either inside the LEM
vehicle or adjacent to the LEM within the altitude
chamber. The data interleaver will be located in the
transfer building, as shown in figure 4.3.

Specigl Requirements: Altitude simulation is required for
acceptance tests of the LEM propulsion subsystem. The
technical criteria for this required altitude simulation
system are described in Appendix A of this report and are
very similar to that required for WSMR (presented in reference
(b)). Also, see (c) and (d).

It is necessary that the lower end of the ascent engine gkirt
fit into the diffuser at the bottom of the altitude chamber.
This may require an extension to the altitude chamber diffuser
since the ascent stage will sit above the diffuser (due to
the fixed supports). This extension should bridge the gap
between the lower end of the ascent engine and the diffuser.

Within the altitude chamber external power will be used to
power the LEM system. Power requirements will include 28 volt
DC and 105/125 volts AC,60 cps, 1§.
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Equipment Required at the Static Firing Site

Electrical GSE - continued

GSE listed in table 3:;3 has been laid out in the control
roam of the Static Test Site (figure &.% ) and will
operate by utilizing,as much as possible,the actual

LEM engine controls and related subsystems.

The facility control equipment (TV control stationm,
altitude simulation control station, etc.) has also been
leid out in the ares allotted for the LEM control room
(Pigure 4.4 ). It should be noted that the area has
been completely utilized and does not provide for any
growth of planned equipment. An sdditional 300 square
feet is desirsble to allow for additional equipment or
poesible growth of currently planned equipment.

PACE downlink will be used for dete acquisition. A
certain number of critical parameters will, however, be
hardlined to the control bullding for monitoring during
firing. The instrumentation readout equipment for this
purpose has been laid out in Figure.:4. The PACE
carry-on equipment will be located either inside the LEM
vehicle or adjacent to the LEM within the altitude
chamber. The data interleaver will be located in the
transfer building, as shown in figure 4.3.

Special Requirements: Altitude simulation is required for
acceptance tests of the LEM propulsion subsystem. The
technical criteria for this required altitude simulation
system are described in Appendix A of this report and are
very similar to that required for WSMR (presented in reference

(v)).

It is necessary that the lower end of the ascent engine skirt
fit into the diffuser at the bottom of the altitude chamber.
This may require an extension to the altitude chamber diffuser
since the ascent stage will sit above the diffuser (due to
the fixed supports). This extension should bridge the gap
between the lower end of the ascent engine and the diffuser.

Within the altitude chamber external power will be used to
power the ILEM system. Power requirements will include 28 volt
DC and 105/125 volts AC,60 cps, 1f.
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TECHNICAL CRITERIA FOR THE
ATLANTIC MISSILE RANGE
ALTITUDE SIMULATION SYSTEM

1. SCOPE

1.1 Scope: These criterla establish the requircments for the design
and Tabricetion of the altitude simuletion system at the Atlantic
Missile Range (AMR), Cocoe Beach, Florida.

1.2 The altitude simulation system shall be designed in modular
fashion for the Ascent and Descent Propulsion stages at AMR, The
system shall conslst of four major subsystems:

(a) The exhaust system, including altitude chamber, diffuser,
subsonic clbow section, and ejector stages,

(b) The steam generator, to provide drive medis for the ejector
stages.

(c) The propellant system, consisting of propellant tankage, fill
and feed control equipment for the system propellants and '
wvater, gas storage end regulation equipment,

(d) The control system, which controls, monitors and indicates
the performance of the overall simulaetion system equipment.

1.3 There shall be a Vertical Test Stand at AMR capable of accommo-
dating the LEM vehicle, The test stand altitude chamber shall
be sized to accommodate the entire LEM systonm,

2. DESCRIPTION OF EQUIPMENT

2.1 Altitude Chamber for AMR: The altitude chamber for the LEM
vehicle shall bc sized to accommodate the entire configuration
less the lunar landing gear., Two GSE fixtures shall be provided.
One fixture will be required for the Descent engine firing in
the mated LEM configuration. The second fixture will be required
to mount the ascent stage demated for the ascent engine firing
test. The AMR altitude chamber should be interchangeable
and compatible with the WSMR altitude chamber.

2.2 Diffuser for .MR: The basic diffuser design shall be of the ;

center dy typc and shall be installed between the altitude chambe
and subsonic elbow section and shall be concentric with the engine

exit cone, The diffuser must perform two distinct functions. The
first is to provide minimum pressure in the altitude chamber and
the sccond is to accomplish a maximum pressure rise so as to min-
imize the pumping requirements of the steam ejector system through.
out the operating range requirements of the rocket engines., Thc

diffuser inlet flange shall be attachied directly to the altitude

chambers, pes: - s+ Py v - B
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; The diffuser shall be protected by a water cooling
Jjacket designed to maintain the dimeneional integrity and to
prevent spot and throat overheating, burnout and distortion during
the life of the facility. Provisions for low point drains shall °
be provided.

2,2.1 Diffuser Interchangeability Requirements: The diffuser shall be
Interchangeable with engine vendor static facilities and the
WSMR static facility.

2.3 Sub-Sonic Elbow Section for AMR: The subesonic elbow section shall
be Installed downstream of the diffuser. This section shell have
a bend or a.long radiue elbow to turn the gases from the vertical
to the horizontal plane into the steam operated ejectors., The
sub-sonic elbow section shall be protected by a water cooling
Jacket, The sub.sgonic elbow section inlet flange shall mate
with the descent and ascent stage diffuser.

2.k Steam Ejectors for AMR: The Steam Ejector shall be compatible
and lnterchangeable with the engine manufacturers facllities and
the WSMR facility.

2.5 Steam Generation for AMR: A LOX.Alcohol steam generstqr shall
be provided to drive the steam ejectors, It shall be rated to
supply the steam quantity end quality required to operate the
altitude simulation system. The steam generation system selected
should be interchangeable with the WSMR facility.

2,6 Steam Generator Propellant Run and Storage Tanks for AMR: The
propellant run tanks shall have suiflcient capacity to perform
two (2) descent stage acceptance tests. Considerations in tankage
capacity shall include boll.off, decomposition and other losses.
The propellant storage tanks shall have sufficient storage capa-
city for two (2) descent stage acceptance firings of 45 seconds
duration. Provisions for filling the propellant run and storage
tanks by truck delivery shall be included.

2.7 Water Run and Storage Tanks for AMR: The water run tanks shall
heve suiTlclent capacity to supply all the water required (cooling
water for diffuser, injection water, etc.) to perform two (2)
descent stage acceptance test firings. The water storage tanks
shall have sufficient capacity to supply all the water required
to perform two (2) acceptance test firings.

2.8 Pressurization System: The propellant and water transfer shall
be made with a suitable nitrogen pressurization system. Systen
pressure and line sizing will be a function of steam generator
requirements,

2.9 Control Systems for AMR: Remote manual and automatic starting and

stopping of the steam generatlion system shall be provided.. The
controls and instrumentation shall be located at one panel in the
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Control Center, The instrumentation accuracy shall be 1/4 of
1% throughout the complete range. The panel shall incorporate
all of the necessary switches, indicating lights, relays, to
operate, monitor, test and check out the system in any mode of
operation. The control system shall include all necesssry
safety monitoring provisions so that vehicle and system are
protected upon steam or power fallure. The control system shall
be simple, with minimum number of manual operations required,
Provisions for the replacement of components, adjustments, and '
other required "trouble.shooting" shall be inoorporated into the
design so that they may be readily accomplished.

DIFFUSER-EJECTOR PERFORMANCE REQUIREMENTS

Descent Engine Parameters

The Diffuser~Ejector System shall operste, to the conditions pre-
scribed in these specifications with the following engine
parameters:

Thrust (MAXimMU) evecesecmceceeesccosasecamaseme= 10,500 pounds +lgé

mmst (MiniM) D G0 G D ST AN N O 0 G A SR P R T R W Se T 0% UB N aR G 05 U5 9 o8 0 1’050 munds +l%

I‘p at Minimum Thrust eeeecew-- mmemmmeceeceeocao 285 see,
Isp at Maximum Thrust eececca--. cecemnmmcne-nnees 305 geC,
Gimbaling ee-emcmmecccmcccccmcana cecmmncsecaceas + 6°
Gimbal Point location eececece-- - -~ Nozzle Throat
Chamber Pressure at Maximum Thrust eceeceecaca-o -=- 113 psia |
Chamber Pressure at Minimum Thrust eeeeeee-ce- - il.3 psia
Nozzle Exit to Throat Ares Ratio —-weee-—ce-e- - 50
% Bell (Based on Equivalent of 15° Half

Angle Conical Nozzle) ceceeeaccan ——————— —eee T3
Exit I, D, wecereecccoceaa remmm— e mama—— eoumae= 58 inches.‘
Exit 0.D, wececrecera- cmmmemmmenccnenctieneeseee= 00 inches

Length (Gimbel Point to Nozzle Exit) =s=v=----e- 69,32 inches

8 rcront LED-2-4'B!
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3.1.2

3.1.2.1

3.1.3

3.1.%

315

3.1.6

3.2

" ENG-36A

The composition and flow rates of the engine exhaust _gases cover
the following ranges:

COMPOSITION MASS FLOW #/SEC

Max, Min,

" 6 o
co 1,190 0.1236
co, 7.859 0.8110
H,0 9.318 0.9749
N, . 15,366 1,586

He - . 0.0356
Total '3k 100 3.6000

The following physicel and thermodynamic properties of the exhaust
ges shall be used in the analysis of this Diffuser-Ejector System. |

Ie

Ratio of specific heats (Frozen Gamma at & = 2) 1.245
Molecular Welght emeccccncccarccmcvccnccccccinee G4

Specific heat wewmmcucccoccmnnacas cememeicmmmas- +39 BIU/1b/°F
TotaJ. Temperature ————-- e o = > - - - o = o s,lesoF '

The descent engine will have capabilities to throttle from the
maximum flow rate of 34.4Of/sec. to the minimm flow rate of
3.60#/sec. in a period of one second. Minimum flow rate to
meximm flow rate throttllng is also accomplished in a period of
one second., Intermediate throttling conditions will be accomplishe
in proportional amounts of time,

The exhaust nozzle exit static pressure will vary from e maximm
of 0,163 psia to a minimm of 0,016 psia, the lower pressure
occurring with the lower chamber pressure in the design of the
system. :

The descent engine nozzle has a collapsing pressure limitation of
0.0% psi imposed as a differential pressure across the radiation
cooled skirt.

Duration of Test Firing: The total duration ‘of test firing the
descent propulsion system at AMR shall be k5 seconds.

Ascent Engine: The ascent engine operates within the fbllowing
deslgn parameters:

a) Expansion ratio = 40:1; Exit diameter of nozzle = 31.27 inches;
Total length of ascent rocket engine = 51 inches.

B
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b)
c)

g)

h)

1)

J)

ENG-26A

Chamber pressure; steady state at nominal thrust = 100 psia.:

Thrust after 5 sec at nominal engine inlet pressure and
propellant tempersture = 3,500 t 2,5%.

Thrust; end of duty cycle operating time = 3500 + T% - 2.5%.
Mixture Ratio ("O/WE); 1.6 + 1.Th.

Isp minimm, mex, thrust - end of duty cycle operating time = |
306,34 sec, (36 value) 1b.f sec |
IBom A

Oxidizer - Nitrogen Tetroxide (Neoh) conforming to specifice-
tion MIL.P.26539, :

Fuel - Specification MIL.P-26539, An actual mixture by wéight ‘
of Hydrazine and unsymmetrical dimethylhydrazine (UDMH) con.
forming to Specification MIL.P-2T402,

Start Characteristics: The rogket engine wfll develop ‘90%
rated thrust within 0,200 seconds after onset of eleetric

Bim. A

Shutdown Characteristics: The rocket engine will accomplish
thrust decay to 10% rated thrust within 0,200 seeonds after
receipt of command signal.

Impulse Repeatability: The rocket engine start and shutdown.
characteristic shall be repeatable to provide a predictable
total impulse accuracy of + 35 1lb. sec.

Stability: The transient starting combustion chamber pressure
will not be greater than 110% of the nominal rated combustion
chamber pressure. There will be no cyclic or periodic chamber
pressure oscillations which exceed t 2%, after start and

during the period of effective steady~state operation.

Starting: Normal starting shall be accomplished at the
nominal thrust level,

Thrust Vector Alignment: The thrust vector shall pass within
e cylinder o£0,125 in radius about the engine reference line.

NOTE: 1) The thrust vector location is defined as the spatial
position of the resultant reactive force of the
rocket engine during operation. '

2) The engine reference line is defined as a line
perpendicular to a plane established by the thrust
mount surface and passing through the centroid of a

circle defined by the thrust mount locations.,

rerort  LED-2-4'B!
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3.2.1

3.2.2

b0

2.0

ENG-36A

JDuration of Test Firings

a) The total duration of test firing the Ascent propulsion system.

at AMR shell not exceed 20 seconds,

The Ascent engine nozzle has a collapsing pressure limitation of
0.l psi imposed as a differential pressure across the engine
skirt,

ALTTTUDE REQUIREMENTS

These requirements are applica'ble to both the descent and ascent
propulsion steges,

ag Starting at Pc (max,) 105,000 feet ém.nimn;

b) Ruaning at Pc (max.) 105,000 feet (minimum
Running between Pc (max.) and Pc (min.) Nozzle full (minimum)
Restarting at max, Pe: 105,000 feet (minimum)

e) DNon.operative periods (vacuum soak) 105,000 feet (minimum),

SYSTEM REQUIREMENTS

e) The system shall be of the type or one similar that has been
in successful operation for a minimum of one year and which
will require no development,

b) The system ehall be designed to have a usable life of five (5)
years except for those portions that are exposed to excessive
corrosion or erosion in which case minor periodic maintenance
shall be required,

c) The exhaust system shall provide means to prohibit recircu.
lation of rocket exhaust gases over the test vehicle during
start, normal operation, shut down and restarts.

d) The system shall be capable of being placed in operation and
attaining the desired altitude in 30 seconds maxixmnn using
the steam ejector.

e) The system shall be designed to minimize the effect of exhaust
gas toxlcity. The atmospheric exhaust point shall be located
to maximize naturel dispersement of toxic fumes.

f) The system shall not operate in vibration frequency ranges
that will generate adverse noise problems or cguse malfunction
of the test vehcile other than those normally encountered in
test vehicle operation.

g) The system shall be designed to provide for safe shutdown in
event of a test vehicle malfunction or electrical power
failure without damage to test vehicle,

GRUMMAN AIRCRAFT ENGINEERING CORPORATION 1 15/6h QB 1037
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The system shall be designed for minimum maintenance.

The system shall be designed to be self-contained and
independent of external facilities except for supporting
utilities such as water, power, gas (inert) and a control
center,

The system shall be capable of performing two (2) descent
stage acceptance test firings in a twelve (12) hour period.

Manual control of the injection water used to cool the hot
geses shall be provided to override the automatic system.

All materials shall be compatible with Nitric Acid for
limited periods of time,

The system shall be designed to an ambient pressure of 14,7
psiea.

The procurement of the Altitude Simulation System for AMR
shall be from one Vendor who shall have the complete system
responeibility for febrication, installation, checkout and
training of personnel to operate facilities.

Diffuser, Ejector and Steam Generation system should be
compatible and interchangeable with the Engine Manufacturers
and the WSMR facilities,

The Diffuser-Ejector system should be one unit sized for the
descent engine. Such a diffuser will also accommodate
the ascent engine.
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CONTRACT REQUIREMENTS | CONTRACT ITEM MODEL CONTRACT NO, DATE

Exhibit E, Par. 5.1 22 LEM NAS 9-1100 |1/15/63
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1.0 INTRODUCTION
The RCS engine parameters and operating information required
for the design of the Static Test Facility, including a
collector or separate exhauster system, are presented herein.
2.0 REACTION CONTROL SUBSYSTEM
2.1 Engine Parameters
Thurst Chambers -=-cmeee-cececccccemmecaa- 16 (4 clusters of L
chambers each).
Cheamber Well Temperature (Radiation
Co0led) -mmmmmummmcmmmocmmeomemeceno oo 2800°F
Chanmber Material =cc-mermcmccmmccacaneaas Molybdenum
Oxldizer ---ceemecccecmcmmcmcnrcccannccmaea No Oy
FUEL = mmm oo oo 50/50 Mix Np Hy/(CH3)o
NNH2
Expansion Ratio (each chamber) eeceeceau-o- Lo:1
Throat Diameter ~-ew--ccmoco e .865 inches
Throat Aref weceecececcmcavcccccacocnccanee=n-" .59 sqg. 1inches
Exit Diameter weememccemccccacccccmaoanas 5.47 inches
Exit Aref =-ceceemmmmmcececcee e 23.6 sq. inches
2.2 Thrust Chamber Characteristics

Thrust =--eeecoceccccmoccccccccacccaas 100 1bs *5%

Chamber Pressure =--ve-meccecccccaca-a- 90 psia

Isp ----------------------------------- 300 secdnds

Run Duration weeceeccccmcacccaccccccaaaa- 500 seconds

Starting Transient -e-ecaeeaa-- [ .013 seconds to 90%

rated thrust

Shutdown Transient —--eeececccaaccoaoo-- .013 seconds to 5%
: rated thrust

Totel Flow Rate per Chamber (Max.) ---- .33 lbs/sec

Mixture Ratio (Oxidizer/Fuel) --w=------ 2:1

Pulse Mode
Minimum Pulse Duration -cececececccocaaa. .010 seconds
Pulse Frequency ==--=wececcccmccaccaacaa- up to 25 cps

trort LED-2-4'B’
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2.0 REACTION CONTROL SUBSYSTEM

2.2 Thrust Chamber Charactgristics

Pulse Mode - continued

Aversge Chamber Pressure for a

Minimmm Pulgse ecceceveweccmccocncnnan- 50 psla
Average Flow Rate for a Minimum Pulse - .55 1lb/sec
Minimum Impulse Bit =---cccomeoouooccow .5 1b/sec * .1 1b/sec
Pulse Mode Duration =ee-cemanccwmwccca-- 500 seconds
2.3 Exhaust Gases and Flow Rates: The compositlion and flow rates

of the exhaust gases from one individuasl thrust chamber in a
steady-state mode cover the following ranges:

Composition Mess Flow Rate (#/sec)
No 1426
H0 .1052
OH .00968
Ho .00201
Cco .0291
o2 .0367
0o .0073
H .0003

.33298 #/sec Total

The following are the physical and thermodynamics properties
of the RCS exhaust gases.

Ration of Bpecific Hegls ----ccmcw—ca-- 1.30
Modecular Welght ccceccaccmccacmacacnna 21.991
Specific Heat ~-ceevccccemcmcccnccanaax .386 BTU/1b/°F
Total Temperature -we-cceeco—cwamccnc=- 5629°R

2.4 Tegts Planned: Acceptance tests at AMR will coneist of

steady-state running and pulse mode operation simultaneously.
The total firing time required for these planned tests will
be 240 seconds. During the planned firing the maximum
exhaust efflux will be 1.98 1bs/sec, based on four chambers
steady-state and four chambers pulsing.

serort LED-2-4'B'
pate  Appendix B
GRUMMAN AIRCRAFT ENGINEERING CORPORATION 771/15/61&




